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Large-scale vaccination programmes have been carried out for a long time in Sweden, as in many other countries. However, often little is known of the effects of these vaccinations. It is not an easy task to derive information about the actual level of immunity of the population to infections of different kinds. One way is to keep careful registers of the vaccinations made.
Together with a follow-up of the quality and effectiveness of the vaccines used, such data can provide a general picture of the situation. However, such registers do not exist, except perhaps for children vaccinated in-the child-care service or in school.
Knowledge of the effects of the vaccinations and the duration of immunity after the different vaccination schedules that have been used over the years is scanty. Another method sometimes used is based on antibody testing of blood samples that, for one reason or another, have been obtained and stored in the healthcare system. This is a simple and cheap way of obtaining blood samples. The drawback is that there is no guarantee of representability and there are no possibilities of judging the precision or certainty of the results obtained. There are also a few studies, based on samples from special groups of individuals, from which blood samples are easy to access. Examples of groups that have been used in different studies are pregnant women and military personnel. Such samples suffer from the same defects, as regards representability and quality. A straightforward procedure for getting a trustworthy picture of the immunity in the entire population is to analyse sera from a random sample of the population. This is, of course, in many ways a difficult method, and to our knowledge there are few large-scale surveys of this kind. In 1968, a survey with the sole purpose of studying immunity based on a random sample of the Swedish population was carried out.' Its aim was to evaluate the general Swedish programme of vaccination against polio, a programme that started in 1957. Another possibility is to analyse blood samples obtained in surveys which have been made with a broader purpose. The immunity status in the population can then be obtained as an (important) by-product. As part of the third National Health and Nutrition Examination Survey in the USA, immunity to tetanus was estimated from blood samples. 2 In this study, 77.4% of people interviewed for the survey consented to give a blood sample.
To carry out a survey of the population based on a random sample requires an organization able to collect and analyse blood samples and to report and interpret the results. There is always a risk of a large percentage of non-partidpants. People selected for the sample have to be asked to contribute a blood sample for reasons that are not directly connected with their 909 own health. It is not to be expected that all individuals will be willing to accept the trouble and inconvenience of participating. If the percentage of non-responders is too large the quality of the results is endangered.
The 1968 survey of immunity to polio 1 was designed as a stratified sample divided into 16 age groups with two parishes selected in each of the three largest cities, 10 of the remaining cities and 10 rural communities. At that time, some regions were excluded from the survey, as it was supposed that their inhabitants would not be willing to participate in the survey. The sample consisted of 3031 people, of whom 90% answered a questionnaire and 75.7% participated in the blood-sampling. This survey yielded interesting results and had an important influence on the continuation of the Swedish programme of vaccination against polio.
During 1990 and 1991, the National Bacteriological Laboratory in Sweden (SBL) (since then re-organized as the Swedish Institute for Infectious Disease Control) planned and carried through a new survey of immunity based on a random sample. The main purpose was to estimate the level of immunity to diphtheria, tetanus and polio of the adult population in Sweden. In this paper, the planning of the survey, the participation and the methods by which the results were analysed are described. The results and conclusions concerning the particular infections are presented in a separate article. 3 The participants agreed that the sera could be used, after making identification impossible, to search for antibodies against other infections than those of primary interest, with the explicit exception of HTV. The survey was considered and confirmed by the Ethical Committee of the Karolinska Institute and by the Swedish Data Inspection Board (Datainspektioncn).
Materials and Methods

Population studied
The reference population was people born before 1973 and entered in a parish register. In Sweden, all permanent residents are entered in a parish register, regardless of citizenship. The survey was restricted to the adult population, since it was thought that data on immunity and vaccination for individuals under 18 years of age could be more easily be derived from other sources of information, such as the child and school health service. The total number of people eligible for the survey was about 6 million.
Survey design
Experience from the previous study of immunity to polio 1 and other surveys of this kind shows that considerable work has to be devoted to Finding the selected people and motivating them to contribute a blood sample. In order to make this possible without building up a separate and expensive organization, each person involved locally should only be responsible for obtaining a limited number of blood samples. Sweden is divided into 24 counties. In each of these counties, a county medical officer {smittskyddsldkare) is responsible for the local supervision of communicable diseases. It was decided that the sample should roughly be stratified over the 24 counties in proportion to the size of the population and that the collection of blood samples should be made under the supervision of the responsible county medical officers.
The survey was planned to give results with regard to the proportion of the population that had antibodies exceeding some titre with a precision of about ±5%, when divided according to sex and year of birth (five age groups) or divided according to sex in a geographical subdivision of Sweden into four different parts. The four geographical areas are referred to as Southern, Western, Central and Northern Sweden (Table 1) .
In total, 4800 people, randomly selected according to a stratified, two-stage, sampling plan, were contacted and asked to contribute a blood sample. Those eligible were selected from the Swedish register of people and addresses (SPAR). The basic facts about the counties as regards total population, number of parishes, number of selected parishes, number of people in the sample and number of responses are given in Table 1 .
In the first stage of the sample, a number of parishes were selected in each county. These parishes were selected in such a way that their chance of being included in the sample was roughly proportional to their size (i.e. the total number of inhabitants in the parish). In the selection procedure actually used, the parishes were selected one by one with a probability proportional to their size and without replacement until the predesigned number of parishes was obtained in each county. One of the counties (Gotland) is extremely small and, according to the design, only one parish should be selected. Gotland consists of 92 parishes; the largest parish (Visby) has about 40% of the total population and the others are all fairly small. It was decided that Visby should be included and one of the other parishes and that the number of selected people in the two selected parishes should be half (24 people), compared with the others.
In 
Organization
Those selected to be included in the study were informed by letters from their county medical officer. Information about the study was also spread via the media, local newspapers, radio and television. The general plan did not include the collection of any other information from the participants besides the blood sample and the data on date of birth and present address provided by the register used for the random selection. The only personal benefit for the participants was that they were told about their immunity status in relation to diptheria, tetanus and polio types 1, 2, and 3. Those lacking immunity were offered vaccination.
Handling and analysis of the blood samples
The blood samples were collected county by county by the local primary healthcare organizations and sent consecutively overnight by regular mail to the National Bacteriological Laboratory (SBL). At the Laboratory, the sera samples were frozen to -70°C until they were analysed. The sera were thawed and analysed for antibodies against diphtheria and tetanus toxins and the three types of polio virus.
For detailed accounts of the serological assays and the choice of levels of antibodies that were assumed to afford protection, the reader is referred to the special report. 
Statistical methods
The principal aim of the study was to derive estimates of the proportion of the inhabitants, divided according to year of birth, sex and place of residence, that have antibodies above some threshold level against the infections under consideration. For simplicity we shall refer to those with sufficient antibody levels as immune. The precision of the estimates was to be described by the relevant confidence intervals.
The sampling procedure was planned in such a way that the natural estimates would be roughly self-weighted in each age group, i.e. the proportion of immune in the population could be estimated by the proportion of immune in the sample. This is obtained by choosing the inclusion probabilities of the parishes proportional to their size, measured as their total number of inhabitants (i.e. of all ages). Deviance from this self-weighting property can, for one reason, be caused by the fact that the distributions of age and sex of the inhabitants are not exactly the same for all parishes. The presence of non-participants may also cause some problems.
In analysing immunity to the three infections that were the main subject of this survey, a more sophisticated, estimation procedure is used. The proportion of those immune of a certain age or sex in a parish is most simply estimated by the proportion of the immune among the participants. These estimates are combined to form an estimate for the entire country or for one of the geographical areas by weighting these crude estimates with weights depending on the actual number of inhabitants belonging to the group in the parishes and the inclusion probability of the parish. For details of how this weighting is done, the reader is referred to the Appendix.
Non-participation is treated as uninformative, i.e. we have postulated that non-response is due to chance and is not related to the presence or absence of antibodies in the blood. In order to illustrate how sensitive the results are to this assumption, estimates are also calculated on a crude assumption of how the willingness to participate in the survey differs as between immune and non-immune people.
Results
Response and non-response
In total, 3390 (70.6%) of the 4800 selected gave a blood sample. The response rate differs for men and women and for the different age groups ( rate was dose to 80%, but was only about 60% among the youngest.
There are different reasons for not participating in the investigation. A smaller fraction of the non-response is explained by deficiencies in the sample frame. Some of the selected people have moved to other places or are deceased. However, many people will not, for one reason or another, consent to giving a blood sample. A closer examination showed that the willingness to respond varied between counties and parishes. The variations may, to some extent, be due to geographical and sociological differences between the counties, but it is our impression that the response rate obtained depended substantially on the efforts made by the local organizers and collectors. Another cause of variation between the number of responders in different parishes is the sampling procedure.
Let us suppose that the proportion, p, of the inhabitants of a certain parish are potential responders. Then there will be a variation in the actual number of responders due to the random selection of individuals in the sample. This variation can be described to a sufficient degree of approximation by a binomial distribution with p as the probability parameter. By comparing the variation in response rate in different parishes with the theoretical variation that would follow from a binomial variation (with common p), we can describe the variation in willingness to respond between parishes. This variation can be measured by comparing the actual variance of response rates with the variance predicted by a binomial model. The ratio of the two variances is called over-dispersion. In Table 3 , the distribution of the number of responses is given and the over-dispersion is calculated. The over-dispersion varies between the groups. It is clear that there is a larger extra variation in response rates for males than for females for each age group and that the variation in response rate is larger for younger cohorts. This indicates that males and young people are more sensitive to extra efforts made to promote participation.
There is also a dear correlation of the response rates for different age groups, i.e. parishes tend to have either low or high response rates in all age groups. In fart, variation in response rates between parishes explains 74% of the variation in the total number of responses in the parishes.
Response and immunity
If the willingness to partidpate in the survey is correlated with the immunity status of people, this will cause considerable difficulties in analysing and interpreting the results. There are some reasons why this could be the case. People unwilling to be vaccinated could also be unwilling to give a blood sample. If this is the case, the immune are over-represented in the survey. However, there may also be causes working in the opposite direction. A person suspecting that his or her protection is not satisfactory may be willing to take the opportunity offered to investigate this. In short, there may be confounding factors influencing both the willingness to respond and the immunity. There is no entirely convincing way of conduding whether if this is the case from the study of the sample itself.
The most pessimistic assumption would be that all nonresponders, in fart, do not have a suffident level of antibodies. A more realistic model can be based on the assumption that tiie willingness to participate differs between immune and non-immune people. Let us assume that p is the probability that an immune person in a certain parish is willing to give a blood sample and that p is the corresponding probability for a nonimmune person in the same parish. Let us assume that there is a constant ratio between these probabilities, i. 8-1)1 ). If 8 < 1 also this estimate will be an overestimate. However, its bias will be considerable less. The sensitivity of the estimates to different values of 8 is illustrated in Figures 1 and 2 . In Figure 1 , the proportions of females and males immune to polio type 3 are estimated for different 5-values. In Figure 2 , the same is done for the proportions of females and males bom between 1946 and 1955 immune to diphtheria. The two situations illustrated differ in the proportion of the population that has antibodies against the infection. The diphtheria example illustrated in Figure 2 is the case that turned out to be most sensitive to response bias. The bias for reasonable 8 is of the size of the standard deviation of the estimate. Even though it should be kept in mind in interpreting the data, the deviation can be considered as small for most purposes.
Crude estimates
The simplest way to estimate immunity from the result of the survey would be to calculate crude ratios, i.e. to calculate the number of immune among the responders. The survey was planned in such a way that such self-weighted estimates would not be seriously biased. The differences between crude (unweighted) estimates and the weighted estimates are illustrated in Table 4 . It will be seen that in all cases the differences are small. However, it should be observed that the distribution over the Eve cohorts according to year of birth does not reflect the relative proportions of people in these cohorts. Crude estimates that are not stratified according to age may be seriously biased. 
Discussion
The planning of the survey differed in several aspects from the previous polio investigation. Though great care was taken in planning and advertising the present survey, it was not at all dear that it would be possible to successfully carry through a survey of this kind. Many things have changed since 1968 as regards the general willingness to participate in random surveys. The HIV/AIDS epidemic may also make individuals hesitate to give blood samples for the detection of antibodies.
The study has shown that it is in fact possible to get qualitatively good estimates of immunity by using a random sample. With the survey design used, it was possible to obtain a sufficient degree of response. Our experience is that the response rate depends to a large extent on the efforts made to explain and motivate participation. It can be noted that it was possible in some sparsely populated areas to obtain almost total participation of those selected. One main conclusion is that it was possible-in spite of many obstacles-to carry out this study on a strictly statistical basis.
In comparison with the response rate of other surveys, the degree of participation was viewed as satisfactory. The analysis of the results and the conclusions that can be drawn from the survey will, of course, suffer from the fact that the response was not total.
The results for the particular Infections analyses are presented in a separate article. 3 As could be expected, considerable differences in serological immunity according to both age and place of residence are observed. Thus the survey has contributed valuable information on the population's immunity status.
The blood samples are now stored, after removing any information that would make personal identification possible. They can in the future be used to analyse immunity to other infections. Such analyses have to be carried out with some of the information connected with the individual blood samples missing. The self-weighting property will make it possible to make reasonable estimates even in this case.
This material gives a cross-sectional picture of the situation in the Swedish population in 1990 and 1991. It is worthwhile considering the possibilities of repeating studies of this kind in the future, in order to investigate changes in the situation.
